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I14TRODUCT ION

The purpose of these criteria is to assist engineers,

manufacturers, suppliers, Ministry engineering staff anu other

persons, associated with the design of pathological

incinerators, in the design and evaluation of cremators which

would meet the requirements of the Ministry of the Environment.

Althouyh numerous pathological incinerators have been built to

date, their design has not always satisfied the specific

requirements of the material to be incinerated.

A cremator, being one of the more complex types of incinerators,

needs special attention due to the fact that the charge will

consist of a variety of different substances, each having its

own combustion requirements, while some substances will be

incinerated in separate stages during the burning cycle.

It is not intended to advocate a particular design but rather

leave it to the individual, who will use common sense together

with good engineering practice. The material presented in this

publication will provide the basic engineering principles

necessary for good incinerator design.

Variations in design and the possibility of reclaiming energy

from the exhaust gases to reduce operating costs will also be

discussed.



- 2

Since "operator error" and inexperience cannot be neglected,

inany manufacturers have incorporated some form of automatic or

semi-automatic control to keep the unit operating within their

design criteria.

Various methods of control will be discussed as well as the

difficulties experienced by the operating personnel from a

practical view point.

It is hoped that this publication may contribute to better

incinerator design.
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1. Purpose of Cremation

The purpose of cremation is to dispose of a dead body by

incineration, transforming the cadaver into inert ashes and

products of combustion.

The process is carried out at sufficiently high temperatures to

ensure that all pathogens are destroyed and that the final

remains are completely sterile.

Although cremation has been accepted in many parts of the world

for centuries, it was not common practice in North America until

the last 15-20 years. During this period, the number of

cremations have more than doubled. Presently, the number of

cremations in Ontario is 14% of the total committals in this

Province, (see fig. 1) and indications are that this percentage

will increase in the future.

Several reasons for cremation may be mentioned such as:

(a) personal preference;

(b) religious customs;

(c) economy;

(d) if the remains must be shipped by public transportation

(boat, train, aircraft, etc.), the body must be contained

in a sealed lead casket and shipping costs may become

prohibitive while the cost of shipping an urn (containing

the ashes) would be a fraction of the costs.
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In some densely populated cities, the availability of a cemetery
plot and the cost of maintaining it may play a role in the
decision to choose cremation.

Cremations
in
Ontario

Total
Deaths in
Ontario

Deaths of
Ontario
Residents

%

Cremation
of Residents

1982 12 488 63 250* 62 97C* 19.8
1981 11 806 63 148 62 838 18.8
1980 10 554 63 092 62 746 16.8
1979 9 562 61 767 61 468 15.6
1978 9 128 61 450 61 116 14.9
1977 8 319 61 991 61 402 13.5
1976 7 259 61 220 60 645 12.0
1975 6 798 61 209 60 604 11.2
1974 6 001 61 030 60 556 9.9
1973 5 145 60 340 59 876 8.6
1972 4 795 59 499 58 905 8.1
1971 3 971 57 061 56 623 7.0
1970 3 595 57 321 56 769 6.3
1969 3 020 56 042 55 7.07 5.4

* Prorated

CREMATIONS (% OF ONTARIO RESIDENTS)

20

18

16 -

8 _

6

4

2

FIGURE 1
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YEAR
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2. Definition of the Charge

2.1 The Cadaver

Since cremation is not carried out on a selective basis, one may

expect a wide range in body weights as well as in condition of
the body, due to sudden death, long illness, heavy medication,

age, etc., all of which factors will influence the burning

characteristics.

An average body weight and body condition must be selected for

design purposes and at the same time some flexibility should be

incorporated to accomodate the under and overweight cadavers.

A survey has shown that the average body weight for design
purposes may be taken as 140 lbs. Since there are considerable

d fferences in body conditions, an average condition has been

selected for which the analysis is given in figure 2.

The preparation of the body to be cremated is not different from

the preparation for a conventional burial.

COMPOSITION OF BODY "AS FIRED"
Water 80 lbs. 57.1%
Ash 7 lbs. 5.0%
Fat 26 lbs. 18.6%
Protein 27 lbs. 19.3%

TOTAL 140 lbs. 100%

FIGURE 2
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In most cases nowadays (approximately 90%), the body is embalmed

to retard decomposition. The prime reason for doing this is to

retain a natural look if the body is to be exhibited.

Embalming involves the replacement of blood in the system with

an embalming fluid which consists of a 1-2% formaldehyde

solution. Approximately 2 gallons of this fluid are used for an

average body.

2.2 The Casket and other Materials

2.2.1 Basic Materials of Construction

In order to clear up some confusion which may exist in some

people's minds about the terminology used to identify the box

(casket or coffin), containing the body, the following comment

is offered.

A casket is a rectangular box (usually wood) in which a dead

body is put to be buried or cremated (mostly used in North

America). A coffin differs from a casket in that it is tapered

towards the bottom end and slightly tapered towards the head end

of the box (predominantly used in Europe).

Caskets are made of a variety of materials such as solid wood,

veneered particle board, cloth covered plywood, fibre or

chipboard, reinforced cardboard, dense styrofoam, FRP (fibre

reinforced plastic), polyurethane, lead, steel, etc.
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Only a few of these are considered suitable for cremation since

the majority of cemeteries restrict the acceptance of caskets

and coffins for cremation to combustible material which will

burn at a controllable rate and do not create any toxic fumes.

Most suitable for cremation are solid wood, veneered fibre or

particle hoard and cloth covered plywood.

Reinforced cardboard caskets have not established a market as

yet and more tests are being conducted to improve the desiyn and
reinforcement materials till a reliable product can be made.

This could then also be acceptable for cremation, provided the

chemicals used for reinforcement are acceptable.

As can be seen, the type of casket will affect the burning

characteristics and the overall burning cycle.

A standard casket measures inside approximately 78" long by 22"

wide and 22" high. The outside measurements will depend on the

type of casket and the wall thickness.

The largest casket available from regular stock is approximately

85" long by 29" wide and 24" high (outside dimensions). Figure

3 shows the weight and composition of various caskets.
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COMBUSTIBLES
Type of We iyht
Casket (Bedding)

not
included) Cellulose lacquer cloth water ash

Solid 116 lbs. 107 lbs. 2.5 lbs. - 5.5 lbs. 1.0 lbs.
hardwood

Veneer 116 lbs. 107 lbs. 2.5 lbs. - 5.5 lbs. 1.0 lbs.
Covered
Particle
Board

Cloth 70 lbs. 64 lbs. - 2 lbs. 3.3 lbs. 0.7 lus.
Covered
Pine Wood

Cloth 70 lbs. 64 lbs. - 2 lbs. 3.3 lbs. 0.7 lbs.
Covered
Plywood

FIGURE 3

2.2.2 Finishes

The finish on a casket varies with the type of casket and the

quality. Solid hardwood caskets and veneered particle board

caskets are usually finished like fine furniture.

The outside surfaces are treated with several coats of lacquer

(approximately 4 quarts) which would, after drying, amount to

approximately 2.5 lbs. If this has not been accounted for in

the incinerator design with respect to air requirements, a

discharge of black smoke from the stack may be anticipated

during the initial charging period since this material volatilizes

very easily and will burn off during the first few minutes,

resulting in a lacquer burning rate of approximately 80-100

lbs/hr.

r



For cloth covered plywood and pinewood caskets, a lightweight

canvas is used to completely hide any wood.

The canvas is usually dyed light grey and approximately 8 square

yards of cloth are used for one casket. This lightweight canvas

weighs approximately 0.25 lbs./sq. yard.

2.2.3 Furnishings and Clothes

The inside furnishings of a casket usually consist of the

following:

(a) mattress and mattress cover;

(b) lining and padding;

(c) pillow;

(d) decorative ruffles.

The material used for the mattress is usually excelsior (short

fine curled shavings of softwood) with the cover made of cotton.

The lining etc. can be made of any fabric. The quality is

usually matched with the quality of the casket.

The pillow is filled with a cotton material which has the

advantage that it can be pushed into any required shape without

springing back like foam rubber.

The average weight of the total furnishings is approximately 25

lbs. with an additional 3-5 lbs. for clothing.



2.2.4 Miscellaneous Extraneous Material

It teas been noticed in the past that a casket may contain some

extraneous material such as empty or partly filled embalming

fluid cans, pathological remains from other sources, rubber

gloves or any other material an embalmer wants to dispose of.

Although these incidents are few, the fact that it has happened

in the past and may happen again should serve as a warning to

both the designer and operator.

Any pressurized container may explode during incineration and

the operator should be made aware of the consequences such as a

sudden release of additional combustible materials, damage to

incinerator etc.

she designer could incorporate provision for additional air
supply when needed.

3. Cremator Process, Analysis and Design

3.1 General Process and Design

A cremator usually consists of 3 chambers, the ignition chamber,

the mixing chamber and the combustion chamber, each having its

own specific purpose.
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The ignition chamber will contain the casket and is equipped

with a uurner or burners to ignite the casket and supply

additiunal heat to maintain a high enough temperature to gasify

and vaporize all combustible material and moisture contained in

the charge. Furthermore, the auxiliary heat supply must be

capable of completely calcining the bones in the final burning

cycle when all combustible material is gone.

Although a significant amount of combustible matter is

incinerated in the ignition chamber, it is not necessary to

achieve complete combustion of the gases in this chamber.

Instead, it is preferred to have a controlled burning rate which

would permit to design more closely for realistic conditions.

The practice of designing fur a burning rate of x lbs./hr.

assuming that every minute or second the same amount of the same

composition will be consumed, has almost always led to

unsatisfactory performance and such a design would certainly not

be capable of handling excessive burning rates. (which do occur

in practice). In a cremator, not only different materials are

burned but these materials are burned separately or in

comaination at distinctly different times in contrast with a

multiple waste incinerator where the "fuel" is mixed. To be

more specific, during the first few minutes of the cycle, only

lacquer is incinerated at an approximate burning rate of 80-10U

lbs/hr. During the following 15 minutes (for a solid wood

casket) only wood is incinerated at an approximate rate of 200

lbs/hr. till the casket breaks open. At this moment, a large

amount of gasified material is released from the contents of the
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casket and at the same time, the lighter material such as

pillows, clothes, excelsior, lining etc. is burned almost

instantaneously, resulting in a very high burning rate. During

the next part of the cycle, a combination of primarily wood and

tissue are burned unless some other extraneous materials are

present. Duriny the last part of the cycle, when most

combustible material has been consumed, the bones are being

calcined which requires very little oxygen but a high

temperature.

As can be seen, the ignition chamber fuel/air supply must be

quite flexible and the best way to achieve this is to use

controls which will modulate the air and auxiliary fuel

separately.

The mixing chamber receives all gases and vapours from the

ignition chamber and its main purpose is to thoroughly mix the

gases before. they enter into the combustion chamber.

Supplementary air, necessary for the complete combustion of

these gases, may be introduced at the end of the mixing chamber,

just before entering the combustion chamber or in the combustion

chamber itself. The combustion chamber is equipped with a

burner (usually called afterburner) to maintain a temperature of

at least 18000F throughout this chamber with a retention time

of 0.5 second, measured from the flame front of the burner to

ensure complete combustion of the less volatile material and the

destruction of pathogens, carcinogens and other bacteria or

viruses.
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The selectiun of the afterburner is quite important since it

must cope with a wide range in heat supply. To save energy and

to avoid large temperature variations, a fully modulating burner

should be selected which is controlled by a thermocouple or

other suitable automatic temperature sensor. This sensor should

be located at a point where the gases (at max. load capacity)

have completed a retention time of 0.5 second.

3.2 Process Stages

In a crematur, 5 distinct stages can be identified, each stage

representing a different type of incinerator with different fuel

and air requirements.

Figure 4 shows the various stages of the cycle.

AUXILIARY AIR
STAGE FUEL FUEL REQUIREMENTS REQUIREMENT

1 lacquer none high
or cloth

2 wood low medium

3 wood and none high
furnishings

4 wood medium medium
and tissue

5 bone high low

FIGURE 4
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As mentioned before, it is not necessary to obtain complete

combustion of the gases in the ignition chamber for various

reasons. Instead, it is much better to accomplish this in the

combustion chamber where more controlled conditions prevail in

order to satisfy the requirements of the three T's of combustion

(time, temperature and turbulence). The ignition chamber should

be considered as a chamber where the charge is converted into

the gaseous state (except for the bones and ashes). The rate of

combustion can be controlled by the regulation of the air supply

and the auxiliary fuel to maintain a desired temperature,

sufficient to gasify the charge within a certain time.

When a cremator is to be used from a cold start, the combustion

chamber should be preheated till the operating temperature of

18000F

has been reached to prevent the discharge of partially

oxidized combustibles due to their contact with relative cool

chamber surfaces.

It is not considered necessary to preheat the ignition chamber

because this may create more problems than it will cure (e.g.

burning rates exceeding design rates). Should a cremator

primarily be used for continuous operation, the high rate of

volatilization due to a hot ignition chamber should be taken

into account in the design.

To determine the maximum and minimum air supply and burner

capacities, each stage of the cycle should be considered

separately.
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Stage 1 - Burning of lacquer, cloth etc.

When the ignition chamber is cold (ambient air temp.), the

casket can easily be put into the ignition chamber and

positioned properly. This is usually done by putting 3 or 4

pieces of 2" pipe on the floor of the ignition chamber and then

pushing the casket in place, using the pipe as roller bearings.

The burners can now be started to ignite the lacquer (or cloth)

and are usually left on till a good fire has been established.

During the cold start mode, the lacquer is burned away in

approx. 3 minutes, resulting in a burning rate of 50 lbs/hr.

iiowever, if the cremator is used on a continuous basis, the

refractory in the ignition chamber remains very hot and the

radiant heat will ignite the lacquer almost instantaneously.

The charging of the casket is done in the same way as before but

the operator has to be more careful now. When the casket has

been pushed into the ignition chamber for half its length, the

entire lacquered surface is already on fire which makes it very

difficult for the operator to stay near the opening due to the

radiant heat of the refractory and the flames of the burning

lacquer. In this mode, the lacquer takes approx. 1 minute to

burn, resulting in a lacquer burning rate of 150 lbs/hr. No

auxiliary fuel is required during this period. Air is usually

supplied by the burner fans (burners in the "on" position with

the fuel valves closed).
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Stage 2 - Burning of wood.

After the lacquer has been combusted, only wood is being burned

at an approximate rate of 200 lbs/hr. and usually, no auxiliary

fuel is required. After approx. 15 minutes (depending on the

type of casket) the structural strength of the casket has been

weakened by the fire to such an extent that the walls can no

longer support the structure, resulting in the collapse of the

casket. This is a critical point in the cycle as the

composition of the fuel has now changed.

Stage 3 - Burning of wood and furnishings.

As soon as the casket collapses, the furnishings (bedding,

clothes, lining etc.) ignite almost immediately, increasing the

burning rate and consequently the air requirement. If the

additional air for the furnishings is not designed for, another

short period of smoke emissions will occur.

The furnishings, weighing approx. 30 lbs., will usually be

burned in approx. 5 minutes, which means a burning rate of 360

lbs./hr. Although various materials are being used for the

furnishings, they all may be considered to be cellulosic

materials.
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Stage 4 - Burning wood and tissue.

At this stage of the cycle, the burning rate of the wood has

been reduced considerably since most of the volatiles in the

wood have been consumed, reducing the wood to char and auxiliary

heat is required to maintain a desired burning rate. In the

first part of this stage, the body fluids are vaporized and the

readily combustible material such as body fat and protein are

combusted together with what is left of the wood. The various

kinds of tissue (brain, lungs, organs, etc.) are more difficult

to incinerate and require intense heat. As those parts of the

body and the casket nearest to the floor of the ignition chamber

have not sufficiently been subjected to the heat and combustion

air, it is common practice to rake and disturb the remains

during the second half of this stage to promote good exposure.

At the end of this stage, when all combustible material is gone,

part of the bones have already been calcined.

Stage 5 - Calcining of the Bones

At this point, only bones are left to be calcined which requires

very little air but a high temperature. There is some marrow

left in the bones but, due to the small quantity compared to the

overall fuel requirements, can be neglected for combustion

purposes. Usually, the calcining of the bones takes approx.

20-30 minutes. If no more cremations are to be done, the
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auxiliary fuel supply is turned off after this period wnile the

air supply is left on for another 30 minutes or so to cool the

unit sufficiently for removal of the ashes. The ashes are

collected in a metal trough and further cooled to room

temperature. The trough is then emptied onto a sieve to

separate large unwanted objects such as casket hardware and

large nails. Smaller metal parts are removed from the ashes by

means of a magnet.

Large pieces of bone are crushed with a metal roller and added

to the ashes which are then put in a plastic bay. The plastic

bay is put in a metal container which can now be stored in a

columbarium or returned to the family if so desired.

3.3 Combustion Calculations - Heat and Mass Balance

Since the calcining of the bones takes approximately 30 minutes

and the complete cycle 90 minutes, the design capacity of the

cremator should be:

Casket & Furnishings = 140 lbs./hr.
Body = 14U lbs./hr.
TOTAL = 280 lbs./hr.

However, if the cremator would be designed for the above noted

burning rate, the unit would not be capable of handling the peak

burning rates and visible smoke would be emitted from the

chimney which is bad in general, but unacceptable for a

cremator.

01



Assuming that adequate turbulence is provided, one may design

for 100% excess air for the charge during peak burning rates

while the burners usually operate with 20% excess air at full

capacity. To determine the minimum air supply for the charge,

the maximum burning rates must be compared.

AIR REQUIREMENTS FOR THE CHARGE

Lacquer

Max. burning rate 150 lbs./hr.

Stoichiometric air 4.2 lbs./lb.

Air @ 100% excess

(150 x 4.2) x 2 = 1260 lbs./hr.

Wood

Max. burning rate 200 lbs./hr.

Stoichiometric air 4.88 lbs./lb.

Air @ 100% excess

(200 x 4.88) x 2 = 1952 lbs./hr.

Furnishings

Max. burning rate 360 lbs./hr.

Stoichiometric air 4.82 lbs./lb.

Air @ 100% excess

(360 x 4.82) x 2 = 3470 lbs./hr.
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This clearly indicates that the highest air supply rate is

required when burning the furnishings. Therefore, the minimum

air supply required is 3470 lbs/hr.

This combustion air may be equally divided between the ignition

chamber and combustion chamber.

Ignition Chamber

Composition a Charge

lacquer 2.5 lbs.

wood 113.5 lbs.

furnishings 25.0 lbs.

clothes 3.0 lbs.

body 140.0 lbs.

TOTAL 284.0 lbs.

Gross Heat Input from Charge

lacquer 2.5 x 10,000 = 25,000 BTU/hr.

wood 113.5 x 7,000 = 794,500 BTU/hr.

furnishings 28 x 8,000 = 224,000 BTU/hr.

and clothes

body 140 x 2,700 = 378,000 BTU/hr.

TOTAL = 1,421,500 BTU/hr.
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A literature search indicates that various heating values for

the body are available, depending on condition. A value of 27uu

OTU/lu. is assumed to be a reasonable average value.

Heat Not Available to Raise the Temperature of the Gases

Convection and Radiation

(assume 2% of input)

U.02 x 1,421,500

latent heat in H2O from charge

28,430 BTU/hr.

85.5 x 1060 = 90,630 BTU/hr.

latent heat in H20 from

combustion

190.5 x U.55b x 1060 = 112,273 BTU/hr.

sensible heat in ashes

b x 0.22 (1800-60) = 3,062 BTU/hr.

TOTAL = 234,395 BTU/hr.

Net heat available from charge to raise the temperature of the

gases to 18000F.

1,421,500 - 234,395 = 1,187,105 Btu/hr.
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Weight of Gases Required

n = m.Cp.&T
(assume average Cp = 0.29)

1,187,105 = m x 0.29 x (1800 - 60)

M = 1,187,105 = 2353 lbs/hr.

0.29 x (1800-60)

where: Q = net heat available to heat gases in Btu/hr.

m = total weight of gases in lbs./hr.

Cp = specific heat of the gases in Btu/lb.0F

o T = temperature difference in oF.

Weight of Gases Supplied

from charge 284-8 = 276 lbs/hr.

air for combustion 0.5 x 3470 = 1735 lbs/hr.

TOTAL = 2011 lbs/hr.

Air Required for Coolies

2353 - 2011 = 342 lbs/hr.

If this excess air for cooling is not supplied, the calculated

temperature in the ignition chamber would be
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&T = Q = 1,187,105 = 20360E

M. Cp 2011x0.29

T =0 T + 60 = 2036 + 60 = 2096OF

However, this temperature will not likely be reached in the

ignition chamber without auxiliary fuel because of:

(a) additional heat losses which we have not considered yet and

(b) rapid evaporation of moisture during highest heat release

rate.
For these reasons, additional air for cooling is seldom used.

(a) Heat Storage in Walls

During the cremation process, the refractory and/or firebrick

does not usually reach equilibrium conditions, especially not

when the process is started with a cold or cool ignition

chamber. Part of the heat is used for heating the brickwork

which could take 8 hours or more, depending on the construction

of the unit.

Example:

Assume the following,

Walls ar made of 7" refractory + 3" insulblock

0
hot face temperature 1800 F

interface temperature 14680F

cold face temperature 1850F
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density of refractory 130 los/cu.ft.

density of insulblock 30 lus/cu.ft.

Cp of refractory U.28 Btu/lb. OR

Cp of insulblock 0.22 Btu/lb. 0R

1800QF
14680F

185°F

7

FIGURE 5

3"
W.

At equilibrium conditions, the mean temperature across the

refractory would be:

T = 1800 + 1468 = 16340E

2

The mean temperature across the insulblock

T = 1468 + 185 = 826.5oF

2

The heat storage in the wall, co rresponding to 1 ft2 wall area

would be:

Q = m.Cp.p T (assume am bient temp. is 600F)

Q1 = (lxlx7/l2xl30)(0.28)(1634 -60) = 33,42 1 Btu.

Q2 = (lxlx3/l2x30)(0.22)(826.5 -60) = 1,265 Btu.

Q = 33,421 + 1265 = 34,686 Btu.

R
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Inside dimensions of the ignition chamber

Length 8'

width 4'

height 3'

The total exposed wall area would be:

2(8x3) + 2(8x4) + 2(4x3) = 136 ft2

Total heat storage = 136 (33,421 + 1,265) = 4,717,296 Btu.

Although the rate of heat absorption by the walls is not linear,

assume that 10% of the total heat storage occurs in the first

hour.

During this period, the temperature of the outside walls has not

increased significantly and therefore, when a cremator is

started from cold, the heat loss from the outer surfaces to the

ambient air may be assumed negligible compared with the heat

loss due to heat storage.

A new heat balance for the ignition chamber would be as follows:

Gross heat input 1,421,500 Btu/hr. (from page 20)

Heat not available to raise temperature of gases

heat storage 0.10x4,717,296 = 471,730 Btu/hr.

latent heat in H2O from charge 90,630 Btu/hr.

latent heat in H2O from combustion = 112,273 Btu/hr.

sensible heat in ashes = 3,062 Btu/hr.

TOTAL = 677,695 Btu/hr.
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Net heat available

1,421,500 - 677,695 = 743,805 Btu/hr.

A m = Q = 743,805 = 12750F

M. Cp 2011x0.29

T = 1275 + 60 = 13350F

(b) Evaporation of Moisture

As was shown in section 3.2, the highest burning rate occurs

when the furnishings are being burned and one may expect a sharp

rise in temperature. However, from numerous observations, this

does not occur since part of the body fluid is being evaporated

at the same time which could be as much as 30 lbs. during this

period.

Minimum Burner Input

Both ignition burner(s) as well as the afterburner must be

capable of maintaining a temperature of 18000E at all times.

Maximum auxiliary heat requirement occurs during the calcining

cycle when no combustibles are left in the charge.

The useful heat from the burner(s) in each chamber must equal

0the total heat losses in that chamber at 1800F.
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Heat Losses in Ignition Chamber (During Calcining)

Convection and radiant (outside wall @ 180 F) = 31,280 Btu/hr.

heat through walls etc.

sensible heat in the air = 1735 x 0.25 x 1740 = 754,725 Btu/hr.

leaving ignition chamber
TOTAL = 786,005 Btu/hr.

From Appendix A-3,

1 cu. ft. of natural gas supplies 453 Btu's of useful heat when

combusted at 18000F with 20% excess air.

Volume of natural gas required: 786,005 = 1735 cu.ft./hr.

453

Density of natural gas = 22.45 cu.ft./lb.
Weight of natural gas required = 1735 = 77.3 lbs./hr.

22.45

Heating value of natural gas is 1000 Btu/cu.ft.

Burner capacity in ignition chamber required

1735 x 1000 = 1,735,000 Btu/hr.

Heat Losses in Combustion Chamber

Same calculations as above and since the same amount of air is

supplied and the wall losses are approximately the same, the
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burner capacity in the combustion chamber should be:

1735 x 1000 = 1,735,000 Btu/hr.

Overall Heat and Mass Balance

The following calculations are for the first hour, assuming that

no combustible material is left after one hour.

Material in

lacquer

wood

furnishings

clothes

body

natural gas

air for combustion (nat.gas)

air for combustion (charge)

TOTAL

2.5 lbs/hr.

113.5 lbs/hr.

25.0 lbs/hr.

3.0 lbs/hr.

140.0 lbs/hr.

154.6 lbs/hr.

3062.0 lbs/hr.

3470.0 lbs/hr.
6970.6 lbs/hr.

Material Out

ash 8.0 lbs/hr.

H2O from charge 85.5 "

H20 from combustion (cellulose) 105.9 "

H2O from combustion (nat.gas) 330.7 "

dry gases 6440 .5 "

TOTAL 6970.6 lbs/hr.



Total H2O = 35.5 + 105.9 + 330.7 = 522.1 lbs/hr.

Total dry gases = 6440.5 lbs/hr.

Moisture content in gases 522.1 x 100 = 7.5%

6970.6

Gross Heat Input

From charge 1,421,500 Btu/hr.

From natural gas 3,470,000 Btu/hr.

TOTAL 4,891,500 Btu/hr.

Heat not available to raise temperature of the gases

heat storage 2 x 471,730 = 943,460 Btu/hr.

sensible heat in ashes 8 x 0.22 x 1740 = 3,062 "

Latent heat in H2O 522.1 x 1060 = 555,426 "

TOTAL 1,499,948 Btu/hr.

Net heat available to raise the temperature of the gases

Q = 4,891,500 - 1,499,948 = 3,391,552 Btu/hr.

Temperature of the gases

4 T = Q

(m.Cp) gas + (m.Cp) H2O

o T = 3,391,552 = 18130F

(6440.5 x 0.25) + (522.1 x 0.5)
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T = 1313 + 60 =
18730E

The overall heat and mass balance shows an excess of heat and

would suggest that the burner inputs could be smaller.

However, it does not differentiate between the various stages in

the cycle and therefore does not indicate peak requirements.

The air for combustion of the charge should be supplied by a fan

rather than relying on natural draft air ports. For

satisfactory operation, a minimum draft of 0.1" W.G. at the

charging door will be required. Depending on the configuration

of the cremator chambers, the average pressure drop across the

unit may be taken as 0.25" W.G., requiring a draft at the base

of the chimney of 0.35" W.G. This would require a chimney

height of 35', depending on chimney design and construction.

In many instances, a much lower chimney is preferred for various

reasons. In those cases a mechanical draft inducer should be

installed to maintain 0.1" W.G. at the charging door.

Fuel Savings

To have better control of the operation while saving energy, all

burners should be fully modulating and controlled by

thermocouples, set for 18000F. For good heat distribution,

expecially during the calcining stage, the ignition chamber

should be equipped with a minimum of two and preferably three
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burners. During the calcining stage when little air is

required, the air supply for combustion of the charge could be

reduced to 50%, resulting in a lower fuel consumption.

Another method of reducing fuel costs is to preheat the air for

combustion. This could be done by placing an insulated jacket

around the outside of the cremator, leaving an air space between

the unit and the jacket and through which combustion air is

drawn. It is also possible to reclaim some of the heat from the

flue gases by using a heat exchanger through which combustion

air is drawn.

Dimensions of Chambers and Chimney

The physical dimensions of the ignition chamber in a cremator

are dictated by the size of the casket. Sufficient space should

be provided for the burner flames.

Mixing Chamber

Weight of gases from ignition chamber:

total dry gases = 5005.5 lbs/hr.

total H2O = 356.8 lbs/hr.

TOTAL 5362.3 lbs/hr.

Assume an average molecular weight for products = 29.

Number of lb. moles of gases 5362.3 = 185.8 lb. moles/hr.

29
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1 lb. Mole = 359 cu.ft. at 320F and 14.7 p.s.i.a.

Volume of gases @ 18000F

185.8 x 359 x 1800 + 460 x 1 = 85 c.f.s.

32 + 460 3600

Velocity required for good mixing = v 20 f.p.s.

Required cross-sectional area 85 = 4.25 ft2

20

Combustion Chamber

Weight of gases from mixing chamber = 5362.3 lbs/hr.

Products of combustion from afterburner = 1608.3 lbs/hr.

TOTAL 6970.6 lbs/hr.

Number of lb. moles 6970.6 = 240.4 lb. moles/hr.

29

Total volume of gases @ 1800OF

240.4'x 359 x 2260 x 1 = 110 c.f.s.

492 3600

Velocity in combustion chamber 10 f.p.s.

Required cross-sectional area 110 = 11 ft

10

2
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Chimney

Since the heat loss from the chi;nney will depend on type and

thickness of the insulating material, the chimney height, the

ambient temperature etc., and will therefore vary, a temperature

drop of
1000F

in the flue gases is assumed.

0
Volume of flue gases at 1700 F

240.4 x 359 x 2160 x 1 = 105 c.f.s.

492 3600

Acceptable gas velocity in the chimney is 30 f.p.s.

Cross-sectional area = 105 = 3.5 ft2

30

3.4 Operational Difficulties

Various operational difficulties can be encountered by the

operating personnel of a cremator and the magnitude of the

problem usually depends on the design of the cremator.

The problem most often experienced by cremator operators can be

identified as follows:

(1) Insufficient control of the burning rate in the ignition

chamber.

(2) Insufficient air supply in the combustion chamber for

complete combustion of the gases.
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(3) Combustion rate too low during the burn-down period.

(4) Charginy a lacquered casket into a hot ignition chamber.

(5) Removal of ashes from a hot ignition chamber.

Problems (4) and (5) are experienced only when two or more

are performed with a relatively short time between

each cremation.

Most, if not all, of the above mentioned problems can be
eliminated through better creraator design if proper attention is
given to the operational aspects of the design.

A brief discussion of each of the five problems mentioned above

will follow.

1. Many operators have experienced cases where the casket burns

too fast, resulting in smoke emissions from the chimney and

not being able to correct the problem. Too much excess air is

introduced into the ignition chamber, resulting in an acceler-

ating burning rate of the casket. If the air supply is not

controlled automatically, the operator should have control of

the air supply to the ignition chamber over a range e.g. from
maximum air supply to 50% of stoichiometric air supply.

2. As mentioned before (section 3.2), the combustion chamber

should be designed such that complete combustion takes place

under all conditions. The air supply rate should be sufficient

to deal with peak loads of combustible gases entering the
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combustion chamber. The air supply should be independent of

the burner air supply so that it is not controlled by the

burner thermocouple.

3. To promote rapid burning throughout the cycle, consideration

should be given to stage 4 - burning wood and tissue (section
3.2).

During this part of the cycle, combustible material lies on

the hearth in a pile, making it difficult for the air to

penetrate and raking and spreading is often requireu.

To alleviate this problem, an air diffuser system could be

incorporated into the hearth, supplying underfire air.

Relatively small holes and sufficient air pressure would

prevent any ashes from plugging the holes.

4. When a lacquered casket or any casket of highly inflammable

material must be charged into a hot ignition chamber due to

lack of time to properly cool the cremator, the operator is

faced with the problem of being exposed to a very high
temperature (radiant heat from the refractory) while

handling a casket which is already burning outside the

ignition chamber. One solution would be the addition of a

removable vestibule, having a side door for easy charging
and not requiring additional space in front of the cremator

(see figure 6). The casket is placed in the vestibule, the

side door closed and then the charging door of the cremator
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opened while the casket is pushed into the ignition chamber
by means of an internal transportation system (rain, chain,
;motorized rollers etc.).

In this way, the casket can be handled safely by the

operator without the danger of flashback or being exposed to

heat and smoke.

d oor

C R EM AT OR

d oo r

FIGURE 6

5. To operate a cremator on a continuous basis necessitates

removal of the ashes before the next casket is charged.

With some cremator designs, the ashes can only be removed

from the ignition chamber through the charging door or a
small door in the side wall and it is therefore necessary to

let the unit cool down, sometimes several hours, before the

ashes can be handled comfortably.

In the meantime, the cremator is out of service, thereby

reducing the overall daily capacity of the unit.

It is therefore important to incorporate facilities which

would allow removal of the ashes from the ignition chamber
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shortly after completion of the cycle, e.g. an opening in

the hearth at the end of the chamber through which the ashes

can be pushed, dropping in an ashpit where the ashes cool

down while the next cremation is in progress.

4. Cremator Construction

4.1 Casings

Cremator casings may be constructed in different ways, the

two basic types being:

(a) Packaged Units

This type of casing consists of a metal frame, enclosed by

sheet metal plates. The insulation and refractory material

is located inside the metal frame. Care should be taken

that no parts of the metal frame will be exposed to the high

temperatures in the cremator to avoid warpage and cracks.

This type of casing is mainly used for a standard design

production unit and can be completely built and tested in

the manufacturing plant.

(b) Fixed Units

Casings of this type are built on the site and do not

necessarily require a heavy steel frame. The outside walls
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can be made of brick and the unit can be "custom made".

In both designs, provision should be made for expansion due

to the high temperatures involved.

The refractory material used should be rated for

temperatures of at least
30000F

and should be equivalent

in quality to firebrick, conforming to ASTM designation

C-24, P.C.E. 31-32.

4.2 Refractory and Insulation

Refractory:

A cremator, like any other furnace, should be made of a good

quality high heat refractory material. Although numerous

variations are possible, (firebrick, refractory tile, monolithic

etc.) the selected refractory material should at least have the

following properties.

1. Withstand High Temperatures

Although the unit is designed for an operating temperature of

18000F, temperatures in the ignition chamber and combustion

chamber may rise locally well above 18000F.
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2. Low Heat Capacity

The operating temperature will be reached in a shorter time and

the burner capacity may be smaller.

3. Wear and Impact Resistant

When the casket is charged into the ignition chamber, the walls

may receive some abuse from accidental misguidance. Also, when

the remains are raked and when the ashes are removed, the

refractory material is subjected to scraping by the metal tools

used.

4. Reasonably Resistant to Thermal Shock

When the charging door is opened during or after the process,

large amounts of cold air rushes in, chilling the surface layer

of the refractory material and ultimately leading to stress

cracks.

The thickness of the walls depends on the insulating qualities

of the refractory material but should be sufficient to prevent

excessive interface temperatures.

Insulation:

Insulation may be provided by using ventilated air spaces, loose

fill for roofs only, block insulation, insulating concrete or
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any combination of these systems which will ensure continuous

protection of the surface, casing or wall involved.

Insulation should be selected for characteristics which will

endure high interface temperatures without deterioration and

provide suitable coldface temperatures.

The outside wall temperatures should preferably be below 180OF

for comfort and safety reasons.

4.3 Burners

Type of Burner

Past experience with cremators indicates that natural gas or

propane is the preferred fuel for auxiliary heat, hence all

cremators in Ontario are equipped with gas burners. Nozzle mix

power burners should be used to obtain a stable turbulent flame

with a high velocity for better furnace recirculation. Most

burners of this type have a short flame length and therefore do

not require large combustion chambers.

Location of Burners

(a) Ignition Chamber

Burners in this chamber should be so located that the flame is

directed towards the charge in order to have the charge
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subjected to the highest temperature. This is especially

important during the burndown and calcining stages when f-,iyh

temperatures are required.

If the burners are to be installed in the side walls, they

should be directed to the longitudinal centreline of the hearth.

If located in the roof, they should be located directly over the

charge. Some manufacturers have used remotely controlled

directional burners which allow the operator to change the

direction of the flame as needed.

It is important that the entire charge is enveloped by the

burners and therefore a number of burners are required instead

of one single burner.

Experience with many crematory has shown that 3 burners in the

ignition chamber give very satisfactory results.

(b) Combustion Chamber

Usually one burner in this chamber is sufficient and it should

be located such that all incoming gases from the mixing chamber

must pass through the flame for intimate contact.

All burners should be provided with an automatic ignition device

and an approved automatic flame failure shut-off valve.
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4.4. Controls

modern creinators may be equipped with various controls, each one

acting independently or as an integral unit to form a control

system. The purpose of any control system used is to improve

the performance of the cremator.

Some decades ago, most cremators were manually controlled,

strictly relying on the operator's skill and decision making

ability. The burners were of the atmospheric type and the air

supply was dependent on the natural draft of the chimney, often

resulting in smoke emissions. To date, many improvements have

been made such as the use of power burners, mechanical draft,

better air distribution and mixing etc., all of which have

contributed to better performance and fewer smoke emissions.

However, it is generally agreed that a manually controlled

system is usually lacking the required degree of response as can

be obtained with automatic controls, especially if the operator

is not in constant attendance.

Since operating conditions in a cremator are changing

continuously, a closed loop control system should be selected,

controlling the variables (a) temperature and (b) air supply.

(a) One of the most widely used temperature control systems

is the thermocouple, actuating the burner input valve.

The reference input should be 18000F. This would

require a fully modulating burner.
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(b) The air supply can be controlled by using an oxygen

analyzer in the flue gases which would actuate the air

supply fan or the electric motor driving this fan.

The reference input should be 100% excess air. When the air

supply is reduced, the temperature of the gases will increase

and upon reaching 18000E, the burner input will be reduced by

the temperature sensing device.

The installation of a dual control system as mentioned would

reduce the overall auxiliary fuel consumption considerably while

the required controls would pay for themselves with the savings

realized from the reduced fuel consumption.

If it is intended to operate the cremator without a full-time

attendant, a timer may also be installed to control the duration

of the cycle, closing off the gas supply after the pre-set time

has elapsed and leaving the ignition chamber air supply on for

half an hour or so till the unit has cooled off sufficiently for

safe ash removal.

4.5 Auxiliary Equipment

To operate a cremator satisfactorily, several auxiliaries and

accessories are required, the more important ones being:

a) Mechanical draft equipment.

b) Ash removal system.
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c) Temperature indicators.

d) Observation ports.

e) 3reeching damper.

To appreciate the purpose of the auxiliary equipment, a brief

discussion will follow.

(a) Mechanical draft eliminates the reliance on stack

temperature, stack height and changes in ambient

conditions. Usually, mechanical draft is generated by

means of a fan which can be the air-supply fan, delivering

the air to the inlet of the cremator (forced draft) or a

fan located at the outlet of the cremator (induced draft).

If an induced draft system is used, the exhaust gas

temperature must be reduced to a temperature which can be

handled by the fan without causing thermal damage.

This is usually done by introducing ambient air into the

stack before the fan inlet. Other methods of creating

induced draft are the use of a venturi tube or a power jet

fan, both systems using additional air. A forced draft

system is more economical than an induced draft system as

it requires less fan power.

However, if the cremator is not airtight and operates at a

higher than atmospheric pressure, gases may leak into the

crematorium room which is undesirable.
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(b) Ash removal systems should be designed to make it easy for

the operator to collect all ashes. Different methods are

employed and depend partly on the design of the cremator

and the number of cremations carried out per day.

If only one cremation takes place during a day, the

operator may leave the ashes in the cremator till the next

morning when they can be conveniently removed with an

industrial type vacuum cleaner or with a long handled

broom. If two or more cremations take place during the

same day, the ashes must be removed after each cremation to

ensure that they will not be mixed with ashes from the next

committal. In this case, the 2 previous methods cannot be

used due to the high temperature in the ignition chamber.

Often, a refractory lined door is provided in one of the

side walls of the ignition chamber. The ashes are pushed

to the back of the ignition chamber with a hoe on a long

metal handle. A metal tray is hung on the side wall below

the ash door and the ashes can now be removed from the

ignition chamber. A steel wire brush is used to remove the

finer ash particles.

If the design of the cremator does not allow an ash door in

one of the side walls, the ashes must be removed through

the charging door opening.

(c) Temperature indicators may be used to provide the operator

with feedback information on the burners and air supply fan
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to evaluate the overall performance of the unit. It may

also be considered a safeguard for the refractory and other

components of the cremator to avoid extreme temperatures.

In general, if the temperature indicators do not show the

required temperature, one or more adjustments may be

required.

(d) Observation ports should be located in the ignition chamber

charging door such that the entire chamber can be observed.

The purpose of an observation port is to allow the operator

to monitor the combustion process without having to open

the door. The opening of the door would allow a large

volume of air to enter the ignition chamber, resulting in a

rapid drop in temperature and creating conditions in the

ignition and combustion chambers which may be beyond the

design limits of the cremator. It may also cause stress

cracks in the refractory and, if repeated regularly, will

eventually lead to the disintegration of the wall surfaces,

thus shorten the life of the refractory considerably.

Another advantage of the observation port is that the

operator is able to determine what to do and how to

rearrange the charge or rake and disturb the charge before

the door is opened. He can get the necessary tools ready

and when the door is opened, he knows exactly what to do,

thereby reducing the time of cold air infiltration to a

minimum.
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(e) A breeching damper is necessary to eliminate the draft

while the chimney is still hot. When more than one

cremation is to be done on the same day, the ashes must be

removed shortly after the first cremation is completed

while the unit is still very hot. By closing the breeching

damper, the draft through the unit is eliminated and when

the charging door is opened, the ashes can be removed from

the ignition chamber without being entrained in the air

stream which would normally enter through the charging

door when the damper is not closed.

It also prevents rapid cooling of the hot refractory walls.

For cremators depending on natural draft as a means of air

supply, the breeching damper can also be used to regulate

the air supply within limits.

5. Legal Aspects

5.1 Legal Restraints and Guidelines

All new cremators or modifications and additions to existing

cremators must comply with The Environmental Protection Act,

1971 and Regulations made thereunder.

Normally, the owner is considered responsible for obtaining a

Certificate of Approval from the Ministry of the Environment

before any work commences, however, this responsibility may be

delegated to consultants, suppliers or installers.
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VIhen an application for a Certificate of Approval is submitted,

all pertinent data should be supplied such as:

(1) a design drawing, showing all dimensions;

(2) a heat and mass balance;

(3) stack height, inside and outside diameter and material

of construction;

(4) type of burners, max. heat input, type of fuel;

(5) brief description of the modes of operation and how

controlled;

(6) duration of one cremation cycle as designed;

(7) plot plan, showing the location of the cremator with

respect to property lines and distance to the nearest

occupied buildings off the property;

(8) cremator room lay-out.

The room in which the cremator is to be located must comply with

all local building codes and a building permit must be obtained.

6. Performance Standards

The performance of a cremator should be measured against the

performance standards issued by the designer and must also meet

the standards issued by the Ministry of the Environment.

The most common standards pertaining to cremators as set out in

Regulation 15 under The Environmental Protection Act, 1971 and

amended by Ontario Regulation 873/74 are as follows:
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(1) A visible emission from a source of combustion employing

solid fuel may,

a) be in shades of grey, darker than number one, but

not darker than number two on the "Visible Emission

Chart of the Province of Ontario at the point of

emission; or

(b) obstruct the passage of light to a degree greater than

20 per cent but no greater than 40 per cent at the

point of emission, for a period of not more than four

minutes in the aggregate in any thirty minute period.

(2) The maximum concentration of sulphur dioxide at a point of

impingement shall not exceed 830 micrograms per cubic metre

of air.

(3) The maximum concentration of oxides of nitrogen at a point

of impingement shall not exceed 500 micrograms per cubic

metre of air.

(4) The maximum concentration of particulate matter at a point

of impingement shall not exceed 100 micrograms per cubic

metre of air.

(5) The maximum concentration of hydrogen chloride at a point

of impingement shall not exceed 100 micrograms per cubic

metre of air.
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In addition to the above, the cremator must meet the incinerator

criteria and guidelines issued by the Ministry of the

Environment, such as:

(1) The auxiliary burners, installed in a cremator, must be of

sufficient capacity to maintain a temperature of 18000F

in each chamber.

(2) The retention time of the gases in the combustion chamber,

measured from the flame front of the burner and calculated

at 18000F, must be not less than 0.5 second.

(3) The velocity of the gases in the mixing and combustion

chambers must be sufficiently high to create and maintain

complete turbulence (Reynolds number corresponding to

complete turbulence zone).
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APPENDIX A-1

CONVERSION FACTORS

METRIC IMPERIAL

Linear

1 centimetre (cm.) = 0.394 inches 1 inch = 2.54 cm.
1 metre (m) = 3.28 ft. 1 ft. = 0.305 metres
1 kilometre (km) = 0.621 miles 1 mile = 1.61 km.

Area

1 sq. metre Cm2) = 10.76 sq.ft. 1 sq. ft. = 0.0929 m2
1 sq. cm (cm ) = 0.155 sq. ft. 1 sq. ft. = 6.45 cm2

Volume (linear)

1 cu. cm (cm3) = 0.061 cu.in. 1 cu.in. = 16.39 cm3
1 cu. metre (m3) = 35.31 cu.ft. 1 cu-ft. = 0.0283 m3

Volume (aqueous)

1 litre (1) = 0.220 gals. Imp. 1 gal.Imp. = 4.54 litres
= 0.264 gals. U.S. 1 gal. U.S. = 3.78 litres

1 cu. metre m3) = 220.0 gals. Imp. 1 cu. ft. = 28.3 litres
1 cu. cm (cm ) = 1 millilitre (nil)

Weights

1 gram (g) = 15.34 grains 1 grain = 0.065 grams
1 gram (g) = 0.00220 lbs. 1 oz. = 28.4 grams
1 kilogram (kg) = 2.20 lbs. 1 lb. = 454 grains
1 tonne (t) = 2205 lbs. 1 ton = 907.2 kg

Area Density

kilograms/sq. metre (kg/m2) pound per sq. inch (p.s.i.)
1.42 x 10 p.s.i. = 703.1 kg/m2

= 70.31 en. of H2O

Pressure

1 kilopascal (KPa) = 0.145 p.s.i. 1 p.s.i. = 6.89 kPa
1 Pascal (Pa) = 1 Newton/m2

= 9.87 x 10-6atm.
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Heating Units

1 kilojoule (kJ) = 0.948 Btu

Temperature

oFahrenheit to 0Celsius
(OF-32) x 0.556 = 0C

0Celsius to oFahrenheit
( C x 1.8) + 32 = F

Prefixes

1 Btu = 1.055 kilojoules
(kJ)

12
tera (T) = 109
giga (G) = 106

6
'r Upper Case Symbols

Mega (M) = 10
3

kilo (k) = 10
hecto (h) = 102

1
deca (da) = 10
deci (d) = 10 _2
centi (c) = 10 - Lower Case Symbols
milli (m) = 10_6
micro (u) = 109
nano (n) = 10-12
pico (p) = 10 -15
femto (f) = 1018
atto (a) = 10
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APPENDIX A-2

CALORIFIC VALUES OF VARIOUS MATERIALS (AS FIRED)

MATERIAL H.H.V. Btu/lb.

lacquer 10,000
wood 8,000
cotton 7,200
cellulose 7,526
carbon 14,093
hydroyen 60,958
paper 7,500
wax (paraffin) 18,621
fat 16,700
silk 8,400
wool 9,000
cadaver 2,700
rubber (foam) 13,000
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APPE14DIX A-3

HEAT AVAILABLE FROM NATURAL GAS

The average analysis of natural gas as used in the Province of

Ontario is as follows:

Component % by Volume

CO2 0.36

N 2.57

0 0.00
2

CH4 91.46

C2H6 5.08

C3H8 0.43

i-C4H10 0.05

n-C4H10 0.04

C
5
+

C6+ 0.01

100.00
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Average gross heat = 1,000 Btu/cu.ft.

Density = 22.45 cu.ft./lb.

Air required for combustion of 1 cu.ft. of gas

a) stoichiometric = 9.63 cu.ft.

b) with 20% excess air = 11.56 cu.ft.

Products of combustion from 1 cu.ft. of gas

Stiochiometric air 20% excess air

Volume Weight Volume Weight

CO2 1.03 cu.ft. 0.1201 lb. 1.03 cu.ft. 0.1201 lb.
H2O 2.00 cu.ft. 0.0953 lb. 2.00 cu.ft. 0.0953 lb.

N2 7.62 cu.ft. 0.5680 lb. 9.14 cu.ft. 0.6816 lb.
02 - - 0.41 cu.ft. 0.0341 lb.

TOTAL 10.65 cu.ft. 0.783 lb. 12.58 cu.ft. 0.931 lb.

Available heat, in Btu/cu.ft. of gas, based on latent heat of

vaporization of water at 600F has been compiled in table A-3.



Temperature

of

Available Heat, Btu

Stoichiometric Air

Available heat, Btu

20% excess air

100 892.9 891.9

150 881.3 878.3
200 869.7 864.7
250 858.9 852.0

300 848.5 839.9
350 837.2 826.7
400 827.0 814.8

450 816.2 802.1

500 805.4 789.5
550 794.3 776.5

600 783.3 763.7
700 760.9 737.6
800 738.3 711.1

900 715.2 684.2
1,000 691.8 657.0
1,100 668.1 629.3
1,200 644.0 601.2
1,300 617.7 570.5
1,400 595.1 544.2

1,500 570.1 515.1
1,600 544.8 485.7
1,700 519.5 456.2

1,800 493.8 426.3
1,900 468.1 396.4
2,000 442.5 366.5
2,100 415.5 335.3
2,200 389.3 304.8
2,300 362.3 273.4
2,400 335.3 242.1
2,500 308.6 211.1
3,000 172.4 52.9
3,500 33.0 -108.7
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APPE14DIX A-4

1HROGGH WALLS AND HEAT STORAGE

In many heat loss calculations for furnaces, it is assumed that

all materials have reached their equilibrium temperatures

(steady state conditions).

However, in many cases a furnace is operated from a cold start

and before equilibrium conditions can be reached, the process

cycle is completed and the furnace shut down again.

Among various units, the cremator would fit this pattern, hardly

ever reaching steady state conditions.

During the relative short period of operation of the unit, a

considerable amount of heat will be stored in the firebrick,

hence it is desirable to choose a refractory material with a low

heat capacity.

After the furnace has been in operation for some time, the

outside wall will reach a temperature at which the heat loss to

the ambient air can no longer be ignored. Considering that the

cremator is located inside a building, heat loss calculations

may be based on natural convection (zero wind velocity). For

convenience, the following table may be used.



HEAT LOSS IN STILL AIR, HR.

Outside
Gull Temp.
OF

40
50
60
70
80
90
100
110
120
130
14U
150
160
170
180
190
200
210
220
230
240
250
260
270
280
29U
300
350
400
450
5UU

Ambient air Ambient air Ambient air
temp. 40OF temp. 70OF temp. 100OF

0 - -

10 - -

3U - -

50 U -

65 20 -

80 30 -
100 50 U

125 68 15

145 90 38
170 115 58
190 135 80
215 155 lU0
240 180 120
265 205 145
295 230 175
320 260 200
350 285 225
382 318 25U
415 345 285
45U 375 315
480 415 345
515 445 380
555 482 412
593 520 450
635 555 485
675 600 525
715 635 565
940 855 780

1200 1120 1030
1500 1410 1330
1830 1740 1670
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To calculate the heat storage in the cremator, the following

information is required:

1. The specific heat (Cp) for each component of the wall in

Btu/lb./oF .

2. The thickness of each component of the wall in feet.

3. The density of each component of the wall in lbs/ft3.

4. The inside wall temperature, the interface temperatures and

0
the outside wall temperature in F.

EXAMPLE:

Consider a two component wall consisting of 8" firebrick and 3"

insulblock. The inside wall temperature is 18000F.

Calculate the outside wall temperature, the interface

temperature, the heat loss through the wall per 1 ft.2 wall

area and the heat storage in the wall per 1 ft2 wall area.

Data for Firebrick (for a mean temp. of 16000F)

Density = 110 lbs/ft3

Thermal conductivity k = 0.75 Btu/ft. hr.
OF

Specific heat Cp = 0.28 Btu/lb. 0R



- 60 -

Data for Insulblock (for a mean temp. of 800OF)

Density = 30 lbs/ft3

Thermal conductivity k = 0.08 Btu/ft. hr. OF

0
Specific heat Cp = 0.22 Btu/lb. R

Solution

The general heat transfer equation is:

Q = T - T

L-1- + L + 14- + etc.

kl k2
k3

where Q = heat transferred through the wall in Btu/ft2 hr.

Tl = inside wall temperature in of

T2 = outside wall temperature in
of

Ll = thickness of first wall component in ft.

L2 = thickness of second wall component in ft.

L3 = thickness of third wall component in ft.

kl = thermal conductivity of first wall component in

Btu/ft.hr. of

k2 = thermal conductivity of second wall component in

Btu/ft.hr. OF

k3 = thermal conductivity of third wall component in

Btu/ft.hr. 0 f
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Having two unknowns (Q and T2) and only one equation, one of

the unknowns must be assumed for a first trial.

Assume an outside wall temperature (T2) of 3000F, then

Q = 1800 - 300 = 373.7 Btu/ft.2 hr.

8/12 + 3/12

0.75 0.08

From table A-4, a heat loss of 373.7 Btu/ft.2 hr. in still air

at 700F corresponds to approx. 2300F, therefore the assumed

U
temperature of 300 F was too high. Assume a lower outside

U
wall temperature which is slightly higher than 230 F, say

T2 = 235
of

Q = 1800 - 235 = 389.9 Btu/ft.
2
hr.

8/12 + 3/12

0.75 0.08

From table A-4, the heat loss at 2350F would be

390 Btu/ft.2 hr. and therefore the second trial is correct.

When calculating the interface temperature, it is assumed that

all wall components have reached equilibrium temperatures.

Thus, the amount of heat passing through the first wall

component must equal the amount of heat passing through the

second wall component and must also equal the amount of heat

2
lost to the ambient air which in this case is 390 Btu/ft. hr.
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Let x = interface temperature

For the firebrick section,

Q = T, - x

LL
k1

x = T1 - (Q x Lj_ ) = 1800 - 390 x 8/12 = 14530F

k1 0.75

Although it is sufficient to consider any one of the wall

components, a check can be made by considering another wall

component.

For the insulblock section,

Q =

k2

x = T2 + (Q x L2 ) = 235 + 390 x 3/12 = 14540F

k2

Interface temperature is
1453.50F

0.08

000 1800 F1453.5 F235 F

3
8 ,1
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For heat storage calculations, the mean temperature for each

component is used.

Heat storage:

Q = m1xCp1 x (Tml-Ta) + m2xCp2 x (Tm2-Ta)

where Q = total heat storage per 1 ft
2
wall area in Btu/ft

2

ml = weight of first wall component corresponding to 1

ft2 wall area in lbs.

m2 = weight of second wall component corresponding to

1 ft2 wall area in lbs.

Cpl = specific heat for first wall component at mean

temperature Tml in Btu/1b.0F

Cp2 = specific heat for second wall component at mean

Temp. Tm
2

in Btu/lb.
OF

0
Tm = mean temperature of first wall component in F

1

ofTM
2
= mean temperature of second wall component in

T
a
= ambient temperature in 0F.

ml = 1 ft. x 1 ft. x 8/12 ft. x 110 lbs/ft3 = 73.3 lbs.

Tml = 1800 + 1453.5 = 1626.750F

2
3

m2 = 1 ft. x 1 ft. x 3/12 ft. x 30 lbs./ft. = 7.5 lbs.

Tm2 = 1453.5 + 235 = 844.25
OF

2

Q = 73 x 0.28 (1626.75 - 70) + 7.5 x 0.22 (844.25 - 70)

31,820 + 1,278 = 33,098 Btu/ft2
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To account for the heat storage in a heat balance (usually on an

hourly basis), the amount of heat stored per hour is required.

many refractories and brickwork take 8 hours or more to reach

equilibrium conditions, therefore the hourly heat storage in

this example is

q = 33,098 = 4137 Btu/ft2 hr.

8

where q = hourly heat storage per 1 ft2 area.
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